(19) 



J) 



Europ^^'sches Patentamt 
European Patent Offic 
Office europeen des brevets 




(11) 



EP 0 696 823 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

14,02.1996 Bulletini 996/07 


(51) Int CI.S: H01M 4/38 


(21) Application number: 95909963.1 


(86) International application number: PCT/JP95/00262 


(22) Date of filing: 23.02.1995 


(87) International publication number: WO 95/23435 
(31.08.1995 Gazette 1995/37) 


V*-*^/ L/poiyi idicu ouriiraCiiny olaies. 


• UnNISHI, Masuhiro 


DE FR GB 


Takatsuki-shi Osaka 569 (JP) 


(30) Priority: 25,02.1994 JP 27189/94 
30.06.1994 JP 149142/94 
31.10.1994 JP 266564/94 
09.11.1994 JP 274822/94 
11.11.1994 JP 276899/94 


• FURUKAWA, Kengo 
laKatsuKi-sni Osaka 569 (JP) 

• NAKAGAWA, Hiroe 
Osaka 569 (JP) 

• TANAKA, Toshiki 
Osaka 569 (JP) 


(71) Applicant: YUASA CORPORATION 
Takatsuki-shi, Osaka 569 (JP) 


• KU2UHARA, Minoru 
Osaka 569 (JP) 

• OSHITANI, Masahiko 


(72) Inventors: 


Takatsuki-shi Osaka 569 (JP) 


. MATSUMURA. Yuichi 

Takatsuki-shi Osaka 569 (JP) 
• BOGAUCHI, Takehito 


(74) Representative: Paget, Hugh Charles Edward et al 
London WC2B 6HP (GB) 


Takatsuki-shi Osaka 569 (JP) 





(54) HYDROGEN ABSORBING ELECTRODE AND PRODUCTION METHOD THEREOF 



(57) A hydrogen absorbing electrode using a hydro- 
gen absorbing alloy containing at least one kind of tran- 
sition metals belonging to Group Vila, VIII or lb of the 
periodic table at a predetermined proportion. The sur- 
face of the hydrogen absorbing alloy is a rich layer con- 



taining a greater amount transition metal than the 
predetermined proportion. Because the rich layer exists, 
activation at the initial stage of charge/discharge is not 
necessary. Accordingly, it can be effectively utilized for a 
nickel-hydride secondary cell. 
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Description 

Technical Field 

This invention relates to a hydrogen absorbing elec- 
trode using a hydrogen absorbing alloy and its manufac- 
turing method. 

Backcround Art 

A nickel-hydride secondary battery using a hydro- 
gen absorbing alloy, which can absorb and release 
hydrogen in a reversible manner, as an anode material 
has such features as low-pollution and high-energy den- 
sity etc.. so that it has been frequently used for power 
sources for portable equipment and electric motor etc.. 
in place of a nickel-cadmium secondary battery and 
many studies and developments have been made ther- 
eon. 

While, it is necessary to grind an alloy ingot into par- 
ticles once and then to form them into a required shape, 
in order to make up an electrode by using the hydrogen 
absorbing alloy. For example, such methods are prac- 
ticed industrially in general as (i) a method wherein alloy 
particles are added with binder to be formed into a paste 
and it is filled in a current collector and (ii) a method 
wherein it is formed into a sheet so as to be press bonded 
to the current collector, etc. In such electrode making-up 
process, a firm oxide film is apt to be produced on sur- 
faces of the alloy particles. Since a hydrogen absorbing 
electrode on which surface the oxide film is produced 
offers an initial capacity fairly lower than an expected 
actual capacity, "activation" has been required at initial 
stage of charge/discharge. The activation means that the 
oxide film is destroyed to acquire an aimed discharge 
capacity by carrying out several cycles of charge/dis- 
charge at the initial stage of charge/discharge. In a bat- 
tery using the hydrogen absorbing electrode having such 
a property, a discharge voltage and a battery capacity 
lower . Especially in a sealed-type battery, a capacity bal- 
ance between anode and cathode is lost at the initial 
stage of charge/discharge, an inside pressure rise etc. 
occurs and a cycle life is reduced. In order to avoid the 
formation of oxide film, (i) a method for carrying out an 
electrode making-up process under an inert gas atmos- 
phere and (ii) a method for putting an oxide film removal 
process in the electrode making-up process etc. are pro- 
posed. In these proposed methods, however, there have 
been such problems as a complex equipment and a trou- 
blesome work etc. In addition, even in the electrode pre- 
pared by the above proposed methods, there has been 
such a problem as the formation of oxide film depending 
on storage conditions after making-up. 

Incidentally, in order to hasten the above activation, 
it is known that (1 ) the hydrogen absorbing alloy particles 
or hydrogen absorbing electrode is to* be subjected to 
high-temperature alkaline treatment and (2) the hydro- 
gen absorbing alloy particle is to be subjected to Ni- 
non electrolytic plating treatment. However, since insulat- 



ing needle-like rare earth hydroxide is produced on the 
alloy surface in the treatment (1), it is necessary to carry 
out an ultra-sonic cleaning for removing the hydroxide. 
Further, a considerable rinsing work is required in order 
5 to remove alkali completely. Therefore, the treatment has 
been troublesome. The existence of needle-fike rare 
earth hydroxide will cause a decrease in conductivity and 
a shortening of battery life. There are such problems in 
the treatment (2) that, (1) it is difficult to maintain constant 
10 plating conditions, (ii) handling is troublesome because 
an alloy after undergoing the treatment is inflammable, 
and (iit) the alloy is not continuous with a plated layer in 
term of grain structure so that, as the cycle goes on, the 
insulating needle-like rare earth hydroxide precipitates 
15 at a border part to cause a peeling-off of the plated layer. 
In the nickel-hydride secondary battery, there were 
such problems as a rise of battery inside pressure at the 
last stage of charging to cause a breakage of container 
and scattering of electrolyte etc. The rise of battery inside 
20 pressure is said to be caused by hydrogen gas produced 
J^P^ 3" during charging. As a method for prevent- 

ing such a rise of inside pressure, a method is known 
wherein Ni-plated layer is previously formed on the 
hydrogen absorbing alloy so as to enhance a hydrogen 
25 absorbing activity of the alloy. However, this method 
includes a problem of poor productivity due to a plating 
process which should be added to the electrode making- 
up process, besides the above problems similar to those 
of the above treatment (2). 

30 

Disclosure of the Invention 

An object of this invention is to provide a hydrogen 
absorbing electrode which does not require activation 
35 and a conductivity of which is not worsen even when it 
is used in alkaline electrolyte, and another object of it is 
to provide a method for manufacturing such a hydrogen 
absorbing electrode by a simple process only. 

A hydrogen absorbing electrode of this invention. 
40 which uses a hydrogen absorbing alloy including at least 
one or more kinds of transition metals belonging to Vila- 
group, Vlll-group or lb-group in periodic table at a spec- 
ified percentage, is characterized in that a surface part 
of the hydrogen absorbing alloy forms a rich layer includ- 
es ing the foregoing transition metals at a percentage larger 
than the foregoing specified percentage. 

Since the rare earth element ready to form the oxide 
film is removed and the rich layer is formed in the hydro- 
gen absorbing electrode having the above structure, the 
50 activation becomes unnecessary. Accordingly, the bat- 
tery using the hydrogen electrode having the above 
structure has a high discharge voltage and battery 
capacity. Especially in the sealed-type battery, the 
capacity balance between anode and cathode at the ini- 
55 tial stage of charge/discharge is maintained and the 
inside pressure rise does not occur so that its service life 
is prolonged. In addition, electrode reaction is promoted 
with a good efficiency from the first cycle because the 
rich layer itself functions as a charge transfer reaction 
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field. Since the rich layer is formed mainly by elusion of 
rare earth element, the needle-like rare earth hydroxide 
is not formed on the alloy surface so that the reduction 
of conductivity is controlled, even when the hydrogen 
absorbing electrode having the above structure is used 5 
as the anode in the alkaline electrolyte. Also from this 
point, the battery using the hydrogen absorbing elec- 
trode having the above structure becomes to have a 
high-capacity and a long service life. 

The hydrogen absorbing alloy has Mm (misch 10 
metal). AI and transition metals as its components. Mm 
is a composite of rare earth elements. La. Ce, Pr and Nd 
etc. may be mentioned as the rare earth elements. Ele- 
ments belonging to Vila-group, Vlll-group and lb-group 
in periodic table may be mainly mentioned as the transi- /5 
tion metals. For example. Ni, Co. Mn, Fe and Cu etc. may 
be mentioned as these metals. 

In the hydrogen absorbing electrode having the 
above structure, the following structures may be used. 

20 

(1) The transition metals are mainly composed of Ni. 

(2) A surface part of the rich layer consists of Ni layerr' ' 
According to this structure, the hydrogen absorbing 
activity is made active so as to improve gas absorb- 
ing ability. 25 

(3) A thickness of the rich layer ranges from 50 to 
300 nm. When the thickness of the rich layer is 
smaller than 50 nm, the rich layer does not exert its 
function fully so that the activation becomes neces- 
sary. When the thickness of the rich layer is larger 30 
than 300 nm, the rich layer peels off so that the rich 
layer does not exert its function, and the rare earth 
hydroxide is produced on the hydrogen absorbing 
alloy surface so that the conductivity is worsened 
and the battery life is shortened. 35 

A manufacturing method of hydrogen absorbing 
electrode of this invention, which uses a hydrogen 
absorbing alloy including at least one or more kinds of 
transition metals belonging to Vila-group. Vlll-group or 40 
lb-group in periodic table, is characterized in that acid 
treatment process is provided wherein particles of the 
hydrogen absorbing alloy are dipped in aqueous solution 
of pH2 through pH6, and then rinsed and dried. 

When the particles of hydrogen absorbing alloy are 45 
dipped in the aqueous solution of pH2 through pH6. the 
oxide film formed on the alloy surface is removed and AI 
and rare earth elements etc. are eluded from the alloy 
surface, so that the surface part of the alloy becomes a 
rich layer having a larger inclusion percentage of transi- so 
tion metal than original one. When the solution has an 
acidity stronger than pH2. even the Ni forming a major 
component of the alloy will be corroded to cause a 
decrease in mass of the alloy and a deterioration of the 
electrode property. Further, when the solution has an ss 
acidity stronger than pH2. a thickness of the rich layer 
becomes hard to be controlled and a thick rich layer is 
formed so that the rich layer will be peeled off as the cycle 
progresses. When the solution has an acidity weaker 



than pH6. the removal of oxide film and the elusion of AI 
arxi rare earth elements are hard to occur, so that the 
rich layer is hard to be formed. Since AI corrosive region 
is included in a range of pH2 to pHB. AI is ready to be 
eluded and the rich layer is apt to be formed. Since aque- 
ous solution having an acidity of pH2 through pH6 is eas- 
ily rinsed as compared with alkaline, the rinsing work is 
done within a short time so as to simplify the treatment. 

In the manufacturing method having the above con- 
tent, the following methods may be used. 

(1) The aqueous solution is set to 20**C through 
90'C. According to this method, its reactivity is 
improved owing to such a high temperature, and the 
rich layer is apt to be formed so that the treatment 
time can be shortened. 

Especially when the aqueous solution is set to 
80*C to 90**C. the Ni forming the component of 
hydrogen absorbing alloy eludes a little so that the 
eluded Ni precipitates on a surface part of the pro- 
duced rich layer to become a Ni layer. Since this Ni 
layer can be obtained without undergoing a plating 
process, a productivity can be improved as com- 
pared with a conventional method in which the Ni 
layer is formed by the plating process. When the 
temperature is lower than 80*'C. the Ni layer is not 
produced because the Ni is scarcely eluded. 

(2) The aqueous solution is acetic acid/acetate 
buffer solution. According to this method, its pH is 
easily set to 2 through 6 and fluctuation of pH 
becomes small. 

(3) The aqueous solution is an aqueous solution of 
organic acid. According to this method, the rare 
earth elements are selectively eluded so that the rich 
layer is apt to be produced. As the organic acid; for- 
mic acid, acetic acid, propionic acid, butyric acid, 
malonic acid, oxalic acid, acrylic acid, valeric acid, 
glycolic acid, citric acid, succinic acid, glutaric acid, 
lactic acid and tartaric acid etc. may be mentioned. 

(4) In a front stage of the acid treatment process, a 
process is provided wherein a hydrogen absorbing 
alloy ingot is roughly ground to be classified and fur- 
ther finely ground to be classified, so that particles 
of the hydrogen absorbing alloy are prepared. 
According to this method, the alloy surface area Is 
increased by grinding the alloy into fine particles, 
and the removal of oxide film and the elusion of AI 
and rare earth elements etc. are carried out with 
good efficiencies in the acid treatment process so 
that the rich layer is apt to be produced. 

Especially when the hydrogen absorbing alloy 
particles prepared by finely grinding and classifying 
lie within a grain size range of 45 to 75 um, the rich 
layer is apt to be produced more easily. 

Brief Description of the Drawings 

Fig. 1 is a partial sectional view of a hydrogen 
absorbing alloy after undergoing acid treatment of exam- 
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pie 1 - Fig. 2 is a view showing alloy composition ratio of 
a part corresponding to that of Fig. 1. Fig. 3 is a view 
showing a pore diameter distribution of a hydrogen 
absorbing alloy after undergoing acid treatment of exam- 
ple 1. Fig. 4 is a view showing cycle test results on a 
battery using a hydrogen absorbing electrode of exam- 
ple 1 and a battery using a hydrogen absorbing electrode 
of comparison example 1 . Fig. 5 is a view showing a dis- 
charge curve of the hydrogen absorbing electrode of 
example 1 . Fig. 6 is a view showing a discharge curve of 
the hydrogen absorbing electrode of comparison exam- 
ple 1. Fig. 7 is a view showing cycle test results on the 
hydrogen absorbing electrode of example 1 and the 
hydrogen absorbing electrode of comparison example 1 . 
Fig. 8 is a view showing changes of initial discharge 
capacities on the hydrogen absorbing electrode of exam- 
ple 1. the hydrogen absorbing electrode of comparison 
example 1 and a hydrogen absorbing electrode of com- 
parison example 2. Fig. 9 is a view showing X-ray diffrac- 
tion peaks before charge/discharge of a hydrogen 
absorbing electrode of comparison example 3. Fig. 10 is 
a view showing X-ray diffraction peaks after charge/dis- 
charge of the hydrogen absorbing electrode of example 
1 . Fig. 11 is a view showing X-ray diffraction peaks after 
charge/discharge of the hydrogen absorbing electrode 
of comparison example 3. Fig. 12 is a partial sectional 
view of an alloy for the hydrogen absorbing electrode of 
comparison example 3 after charge/discharge. Fig. 13 is 
a view showing cycle test results on the hydrogen 
absorbing electrode of example 2. Fig. 1 4 is a view show- 
ing cycle test results on a hydrogen absorbing electrode 
of example 3. Fig. 15 is a view showing X-ray diffraction 
peaks of the hydrogen absorbing alloy obtained when 
setting a temperature of acid treatment to 80*'C to 90*C 
in the example 3. Fig. 16 is a view showing X-ray diffrac- 
tion peaks of the hydrogen absorbing alloy of compari- 
son example 1. Fig. 17 is a view showing measured 
results of gas generation amount at the end of initial 
charge on the hydrogen absorbing electrode obtained 
when setting the temperature of acid treatment temper- , 
ature to 80^C to SQ^C in the example 3 and on the hydro- 
gen absorbing electrode of comparison example 1. Fig. 
18 is a view showing changes of initial discharge capac- 
ities on a hydrogen absorbing electrode of example 4. 
the hydrogen absorbing electrode of comparison exam- 4 
pie 1 and the hydrogen absorbing electrode of compar- 
ison example 2. Fig. 19 is a view showing cycle test 
results on a hydrogen absorbing electrode of example 5 
and a hydrogen absorbing electrode of comparison 
example 4. Fig.* 20 is a view showing cycle test results 5, 
on a battery using a hydrogen absorbing electrode of 
example 6 and a battery using a hydrogen absorbing 
electrode of comparison example 5. 



Best Mode for na rrvino out the Invention 
(Example 1 ) 

5 A hydrogen absorbing alloy ingot having a composi- 

tion of MmNig gAlo.3Coo.7Mno.2 was made up and ground 
by machine to prepare alloy particles having appropriate 
sizes (grain size of 75 ^m or smaller). Mm is a misch 
metal forming a composite comprising rare earth ele- 
10 ments of one or more kinds of La, Ce. Pr and Nd. 

Then, the alloy particles were dipped in acetic 
acid/sodium acetate buffer solution adjusted to 60X and 
pH3.6. stirred, rinsed and dried. In other words, the alloy 
particles were subjected to the acid treatment. Since the 
15 acetic acid/sodium acetate buffer solution was used, the 
pH was easily set and its fluctuation was small too. 

The prepared alloy particles were added with a 
binder to be formed into a paste, filled in a nickel fiber 
substrate and dried, then it was pressed so that a hydro- 
20 gen absorbing electrode was made up. 
a"oy particles after undergoing the acid treat- 
ment were subjected to surface analysis by X-ray photo- 
electron spectroscopy (XPS). high-magnification surface 
observation by transmission-type electron microscope 
(TEM), element analysis and electron beam diffraction. 
It was found that the alloy particle had a sectional struc- 
ture as shown in Fig. 1. Namely, a rich layer 2 was pro- 
duced on an alloy particle surface by the acid treatment. 
1 is a bulk. Fig. 2 shows an alloy composition ratio of a 
part corresponding to that of Fig, 1 . The bulk 1 is a part 
having a composition of MmNig sAIo sCoq yMno 2 which 
IS an original composition. The rich layer 2 had a thick- 
ness of 50 to 300 nm. The thickness of rich layer 2 is 
controlled by a dipping time of the acid treatment. As 
obvious from Fig. 2. the rich layer 2 has a larger inclusion 
percentage of transition metals such as Ni. Co and Mn 
etc. as compared with the bulk 1 . mainly because of elu- 
sion of Al and the rare earth elements in Mm. 

Pore diameter distribution was measured on the 
alloy particles after undergoing acid treatment. Fig, 3 
shows measured results of pore diameter distribution 
measured from an absorption side. As obvious from Fig. 
3. the surface of alloy particle had a structure mainly 
including fine pores having diameters of several tens of 
angstroms. The surface area was calculated as about 
400 m2/g from specific surface area measurement 
results, and this value was fairly large. The alloy particles 
visually presented black color due to irregular reflection. 

(Comparison example 1 ) 

A hydrogen absorbing electrode was made up in the 
same way as that of example 1 except that the acid treat- 
ment was not done. 

(Comparison example 2) 

A hydrogen absorbing electrode was made up in the 
same way as that of example 1 except that alkali treat- 
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ment using alkali aqueous solution was done in place of 
the acid treatment 

(Comparison example 3) 

5 

The dipping time in the acid treatment of example 1 
was prolonged to form a rich layer thicker than 300 \im. 
Other conditions were made identical with those of 
example 1 . 

10 

(Test 1) 

(1) Using the hydrogen absorbing electrode of 
example 1 and using an ordinary nickel electrode as 

a counter electrode, four cells of open-type nickel- 75 
hydride secondary batteries were made up. Using 
the hydrogen absorbing electrode of comparison 
example 1, four cells of batteries were made up in 
the same way. Cycle tests were done under condi- 
tions of charge of O.IC x 150% and discharge of so 
0.2c (cut potential -600mV vs. Hg/HgO). Fig. 4 
shows the results. As obvious from Fig. 4. activation ' 
velocities and discharge capacities scatter in the 
electrodes of comparison example 1 . but in the elec- 
trodes of example 1. the activation velocities are 25 
approximately same and large at that, and the dis- 
charge capacities are large too. 

(2) Concerning the electrode of example 1 and the 
electrode of comparison example 1. discharge 
curves of first through fifth cycles were plotted. Fig. 30 
5 shows discharge curves of the electrode of exam- 
ple 1 . and Fig. 6 shows discharge curves of the elec- 
trode of comparison example 1. As seen from the 
both figures, a discharge potential stands noble from 

the first cycle and becomes higher as the cycle goes 35 
on in the electrode of comparison example 1 . but the 
discharge potential stands more basic from the first 
time in the electrode of example 1. 

(3) Cycle tests were done on the electrode of exam- 
ple 1 and the electrode of comparison example 1 . 40 
Fig. 7 shows the results. As obvious from Fig. 7, the 
electrode of example 1 is more excellent in cycle 
characteristics than the electrode of comparison 
example 1. 

(4) Changes of Initial discharge capacities were 4S 
measured on the electrode of example 1, the elec- 
trode of comparison example 1 and the electrode of 
comparison example 2, Fig. 8 shows the results. As 
obvious from Fig. 8, an initial activation of the elec- 
trode of comparison example 2 is quicker than that so 
of the electrode of comparison example 1. In addi- 
tion, an initial activation of the electrode of example 

1 is further quicker than that and its capacity is large 
too. 

(5) X-ray diffractions were measured on the elec- ss 
trode of example 1 and the electrode of comparison 
example 3. Rg. 9 shows X-ray diffraction peaks of 

the electrode of comparison example 3 before 
charge/discharge. Fig. 10 shows X-ray diffraction 
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peaks of the electrode of example 1 after charge/dis- 
charge, and Fig. 1 1 shows X-ray diffraction peaks of 
the electrode of comparison example 3 after 
charge/discharge. In Fig. 1 1 . Mm(OH)3 is rare earth 
hydroxide. As obvious from Fig. 1 1 . the peaks of rare 
earth hydroxide were confirmed after charge/dis- 
charge in the electrode of comparison example 3. 
When the electrode alloy surface of comparison 
example 3 after undergoing charge/discharge was 
observed by electron microscope, the rich layer 2 
peeled off from the bulk 1 and a rare earth hydroxide 
3 existed between the rich layer 2 and the bulk 1 as 
shown in Rg. 12, In other words, when the rich layer 
2 is thicker than 300 nm. the rich layer 2 peels off 
and the rare earth hydroxide 3 is produced. When 
the rich layer 2 peels off. the rich layer 2 does not 
exert its function. When the rare earth hydroxide 3 
is produced, the conductivity is worsened and the 
battery service life is shortened. When the rich layer 
2 is thinner than 50 nm. the rich layer 2 does not 
exert its function. 

(Example 2) 

A hydrogen absorbing electrode was made up in the 
same way as the example 1 except that the pH values in 
the acid treatment of example 1 were set to six kinds. 
The pH values were set to 2.09, 2.71 . 3.59, 4.00. 4.71 
and 5.96. 

The prepared hydrogen absorbing electrodes were 
subjected to cycle tests, and the all electrodes presented 
initial characteristics same with those of the example 1 
as illustrated in Fig. 13. From this fact, it can be under- 
stood that the rich layer 2 similar to that of example 1 is 
produced provided that the pH value lies within a range 
from 2 to 6. 

(Example 3) 

A hydrogen absorbing electrode was made up in the 
same way as the example 1 except that temperatures in 
the acid treatment of example 1 were set to four kinds. 
The temperatures were set to 20**C. 40*C. 60**C. and 
80'*C through 90X. 

The prepared hydrogen absorbing electrodes were 
subjected to cycle tests, and the higher the temperature 
rose the larger the initial discharge capacity became as 
illustrated in Rg. 14. Even in case of 20*'C developing 
the lowest initial capacity, the initial capacity was higher 
than capacities of the electrodes of comparison example 
1 and comparison example 2 shown in Fig. 8 so that it 
was very satisfactory Namely it can be understood that 
the rich layer 2 similar to that of example 1 is produced 
provided that the temperature lies within a range from 
20*C to 90X. 

X-ray diffractions were measured on the hydrogen 
absorbing alloy after undergoing acid treatment at 80'*C 
through 90*'C and the hydrogen absorbing alloy of com- 
parison example 1. Rg. 15 shows X-ray diffraction peaks 
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of the alloy after undergoing the acid treatment at 80'*C 
through 90**C. and Fig. 16 shows X-ray diffraction peaks 
of the alloy of comparison example 1 . As obvious from 
Fig. 15, Ni-peak is seen in the alloy after undergoing the 
acid treatment at 80*'C through 90«C. Namely, the rich 
layer is produced on the alloy surface, and Ni layer is fur- 
ther produced on a surface of the rich layer. Fig. 17 
shows gas generation amounts at the end of initial dis- 
charge on the hydrogen absorbing electrode in case of 
through 90*'C and the hydrogen absorbing elec- 
trode of comparison example 1 , As obvious from Fig. 1 7. 
a battery using the electrode in case of 80*'C through 
SO^'C is reduced in a rise of inside pressure as compared 
with the electrode of comparison example 1. As 
described above, according to the hydrogen absorbing 
electrode prepared by setting the temperature condition 
of acid treatment to 80*' C through 90**C, the activation 
becomes unnecessary because the rich layer is pro- 
duced, and the gas absorbing ability is improved 
because the Ni layer is produced on the surface of rich 
layer. 

(Example 4) 

Alloy particles prepared in the same way as the 
example 1 were dipped in acetic acid aqueous solution 
adjusted to 60*'C and pH 2.7. stirred and rinsed and then 
dried. In other words, the alloy particles were subjected 
to acid treatment. 

The prepared alloy particles were added with a 
binder to be formed into a paste, filled in a nickel-fiber 
substrate, dried and pressed so that a hydrogen absorb- 
ing electrode was made up. 



(Test 2) 

Changes of initial discharge capacities were meas- 
ured on the electrode of example 4, the electrode of com- 
parison example 1 and the electrode of comparison 
example 2. Fig. 18 shows these results. As seen from 
Fig. 18. an initial activation of the electrode of compari- 
son example 2 is quicker than that of the electrode of 
comparison example 1. However, an initial activation of 
the electrode of example 4 is further quicker and its 
capacity is large too. 

A rich layer similar to that of example 4 will be pro- 
duced even when using other organic acids such as for- 
mic acid, acetic acid, propionic acid, butyric acid, malonic 
acid, oxalic acid, acrylic acid, valeric acid, glycolic acid, 
citric acid, succinic acid, glutaric acid, lactic acid and tar- 
taric acid etc.. in place of the acetic acid. 

(Example 5) 

A hydrogen absorbing electrode was made up in the 
same way as the example 1 except that a hydrogen 
absorbing alloy having a composition of 
MmNi3 gAlo sCoo./ was used. 
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(Comparison example 4) 

A hydrogen absorbing electrode was made up in the 
same way as the example 5 except that the acid treat- 
ment was not done. 

(Test 3) 

Cycle tests were done on the electrode of example 
5 and the electrode of comparison example 4. Fig. 19 
shows these results. As obvious from Fig. 19, the elec- 
trode of example 5 presents an excellent cycle charac- 
teristic as compared with the electrode of comparison 
example 4. 

(Example 6) 

A hydrogen absorbing alloy having the composition 
of MmNi3 8Alo.3Coo.7Mno 2 was weighed, thrown in a 
crucible, and then molten by a high-frequency melting 
„ . jurnace under an atmosphere of inert gas. so as to make 
up a hydrogen absorbing alloy ingot. This alloy ingot was 
rough ground mechanically to classify only particles 
within a grain size range of 75 to 150 ^m by using a 
screen. The classified particles were further rough 
ground mechanically to classify only particles within a 
grain size range of 45 to 75 iim by using a screen, so 
that alloy particles were prepared. 

In the next place, the alloy particles were dipped in 
acetic acid/sodium acetate buffer solution adjusted to 
60**C and pH 3.6. stirred and rinsed and then dried. In 
other words, the alloy particles were subjected to acid 
treatment. 

The prepared alloy particles were added with binder 
to be formed into a paste, filled in a nickel-fiber substrate, 
dried and pressed so that a hydrogen absorbing elec- 
trode was made up. 

The alloy particles after undergoing the acid treat- 
ment were subjected to surface analysis by X-ray photo- 
electron spectroscopy (XPS), high-magnification surface 
observation by transmission-type electron microscope 
(TEM), element analysis and electron beam diffraction. 
It was found that the alloy particles had a sectional struc- 
ture similar to the alloy particles of example 1. Namely, 
a rich layer 2 having a larger inclusion percentage of tran- 
sition metal such as Ni. Co & Mn etc. than that of the bulk 
1 , was produced on a surface of the bulk 1 . 

(Comparison example 5) 

A hydrogen absorbing electrode was made up in the 
same way as the example 6 except that the acid treat- 
ment was not done. 



55 (Test 4) 

Using the hydrogen absorbing electrode of example 
6 and using a well-known sintered-type nickel-hydroxide 
electrode as a counter-electrode, potassium-hydroxide 
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aqueous solution having a specific weight of 1 .28 was 
f iiled excessively therein as a electrolyte and left as it was . 
for a specified time, so that an open-type nickel-hydride 
secondary battery including an excessive cathode 
capadty was made up. Using the hydrogen absorbing 5 
electrode of comparison example 5. a battery was made 
up in the same way Cycle tests were done on the both 
batteries. Test conditions were such that 150% of 
expected hydrogen absorbing electrode capacity were 
charged at a temperature of 20^0 and with a current of w 
O.lC of battery capacity, and discharge was done until 
the hydrogen absorbing electrode got to -0.6V on the 
basis of mercury oxide reference electrode at a current 
of 0.2c. Fig. 20 shows the results. As obvious from Fig, 
20, an activation of the electrode of example 6 is quicker 15 
than that of the electrode of comparison example 5. In 
addition, the battery using the electrode of example 6 
attained a capacity so large as 300 mAh/g but the battery 
using the electrode of comparison example 5 attained a 
capacity as small as 290 mAh/g. Namely, the battery 30 
using the electrode of example 6 included a high capac- 
ity " - - • 

Activations of both the electrode of example 6 and 
the electrode of comparison example 5 were done com- 
paratively quickly until the high capacities were attained. 25 
The reason is supposed to be that alloy surface area 
increases owing to finely ground particles to ease effec- 
tive removal of oxide film and elution of A! and rare earth 
elements etc. in the acid treatment process, so that the 
rich-layer is apt to be produced. Especially, when the 30 
hydrogen absorbing alloy particles prepared by being 
ground and classified lie within a grain size range of 45 
to 75 um. it can be considered that the rich-layer is further 
apt to be produced. 

35 

Industrial Apolicabilitv 

According to this invention, characteristics of a 
hydrogen absorbing electrode can be improved and the 
hydrogen absorbing electrode can be manufactured eas- 40 
iiy Therefore, this invention can be utilized effectively for 
a nickel-hydride secondary battery. 

Claims 

45 

1 . A hydrogen absorbing electrode using a hydrogen 
absorbing alloy including at least one or more kinds 
of transition metals belonging to Vila-group, VIII- 
group or lb-group in periodic table at a specified per- 
centage, characterized in that a surface part of the so 
hydrogen absorbing alloy forms a rich layer including 
the foregoing transition metals at a percentage 
larger than the foregoing specified percentage. 

2. A hydrogen absorbing electrode as set forth in claim 55 
1. in which the transition metals are mainly com- 
posed of Ni. 



3. A hydrogen absorbing electrode as set forth in claim 
1. in which a surface part of the rich layer consists 
of Ni layer. 

4. A hydrogen absorbing electrode as set forth in claim 
1 . in which a thickness of the rich layer ranges from 
50 to 300 nm. 

5. A manufacturing method of hydrogen absorbing 
electrode using a hydrogen absorbing alloy includ- 
ing at least one or more kinds of transition metals 
belonging to Vila-group. Vlll-group or lb-group in 
periodic table, characterized in that acid treatment 
process is provided wherein particles of the hydro- 
gen absorbing alloy are dipped in aqueous solution 
of pH2 through pH6. and then rinsed and dried. 

6. A manufacturing method of hydrogen absorbing 
electrode as set forth in claim 5. in which the aque- 
ous solution is set to 20*C through 90*C- 

7. A manufacturing method of hydrogen absorbing 
electrode as set forth in claim 6, in which the aque- 
ous solution is set to 80**C through 90**C. 

8. A manufacturing method of hydrogen absorbing 
electrode as set forth in claim 5. in which the aque- 
ous solution is acetic acid/acetate buffer solution. 

9. A manufacturing method of hydrogen absorbing 
electrode as set forth in claim 5, in which the aque- 
ous solution is an aqueous solution of organic acid. 

10. A manufacturing method of hydrogen absorbing 
electrode as set forth in claim 9. in which the organic 
acid is selected voluntarily from formic acid, acetic 
acid, propionic acid, butyric acid, malonic acid, 
oxalic acid, acrylic acid, valeric acid, glycolic acid, 
citric acid, succinic acid, glutaric acid, lactic acid and 
tartaric acid etc. 

11. A manufacturing method of hydrogen absorbing 
electrode as set forth in claim 5, in which in a front 
stage of the acid treatment process, there provided 
a process wherein a hydrogen absorbing alloy ingot 
is roughly ground to be classified and further finely 
ground to be classified, so that particles of the hydro- 
gen absorbing alloy are prepared. 

12. A manufacturing method of hydrogen absorbing 
electrode as set forth in claim 1 1 , in which the hydro- 
gen absorbing alloy particles prepared by finely 
grinding and classifying lie within a grain size range 
of 45 to 75 ^m. 
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